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imlAR’Y

A flightinvestigationhasbeenconductedona canardram-jetmis-
sileconfigurationtodetermineitsliftanddragcharacteristicsatlow
Valuesoflift.Theconfigurationconsistsoftworam-jetenginesmounted
ona compositewinghavingleading-edgesweepbackof0°inboardofthe
enginesand60°outboardoftheengines;thecanardisofthedeltatype
witha 60°leading-edgesweepbackangle.Tworocket-boostedmodels,dif-
feringonlyinthesizeanddeflectionofthecanard,wereemployedin
theinvestigation.\

r, TheMft anddragdatawereobtainedintheMachnmnberrangeofO.8
to2.0withtheReynoldsnumbervaryingfrcnn3 x 106to14x 106,biased
onwingrootchord.

Itwasfoundthatinthesupersonicspeedrangeoftheteststhe
effectivenessofthecauardsinproducingmodelliftisnearlydirectly
proportionaltotheirexposedareas.

INI!ROD7ETION

~ recentyears,therehasbeenanincreasinginterestincanard
missilescapableofcruisingatsupersonicspeeds.Oneoftheproblems
associatedwithsuchconfigurationsisthatofproperlyassessingthe
effectthata canardhasontheaerodynamicsofthemissile.Experi-
mentalaerodynamiccharacteristicsforcanardconfigurationshavingcon-
ventionalwingshapesarepresentedinreferences1,2,3, and4 anda
methodforpredictingEft andcenterofpressureispresentedinrefer-
ence~. Becauseoftheunconventionalwingconfigurationwhichoccurs
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whenwing-mountedrsmjetsareused,witha portionofthewingextending
outboardoftheramjets,thedataofabovereferencescsmnotbereadily
camparedwiththisconfiguration.Therefore,theLangleyPilotless

. AircraftResearchDivisionhasconducteda flightinvestigationona
canardwing-mountedram-jetengineconfigurationsuitableforapplica-
tionasa cruisingmissile.

FlighttestsweremadeatthePilotlessAircraftResearchStation
atWallopsIsland,Vs.,todetermhetheliftanddragcharacteristics
oftheconfigurationundertrimconditionsandtheeffectofvaryingthe
canardsizeonthesecharacteristics.!l?womodels,differingessentially
onlyincanardsizeanddeflection,wereemployedintheinvestigation
andthedesireddataobtainedintheMachnumberrangeof0.8to2.0.
Theflighttechniquewassuchthatsomeinformationonlongitudinalsta-
bilitycharacteristicswasobtainedineachflightatapproximatelythe
maxhumMachnumberoftheindividud.flight.
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exponentialdampingconstsmtin e-bt,persec

wingrootchord,ft

Machnumber

period,sec

basepressure

free-stresmstaticpressure

4#dynamicpressure,z

Reynoldsnumberbasedonwingrootchord

exposedcanardarea,sqft

* referencearea,sqft

velocity

angleofattack,deg

canarddeflection,deg
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CD dragcoefficient

CL liftcoefficient

3

basedonwingreferencearea

basedonwingreferencearea

% pitching-mcmnentcoefficientbasedonwingreferencearea
androotchord

q)-Po
CP nacelleannularbasepressurecoefficient,

9.

Subscripts:

A. modelA

B modelB

trim trimcondition

MODELDESCRIPTION

Configurational.featuresofthetwomodels
figure1. Theprimedifferencebetweenthetwo

testedareindicated
modelsisthecanard

in

“ si~e;themodel-withthesmallercanardisdesignatedmodelA andthat
withthelargercanard,modelB. Photographictopandsideviewsof
modelB arepresentedasfigure2.

~tegmilwiththewingaretwinductednacelles,theexternallines
ofwhichsimulatea twin-engineram-jetinstallation;internally,the
ductshavea constant~~ter of2.70inchesandthusproduceanannular
surfaceatthebaseofthenacelles.Thethicknessratiooftheinboard
sectionofthewingisO.0~ andthatoftheoutboardsectionatthe
nacellejunctureis0.030.Thewingreferencearea,takentobethearea
boundedbythecurveconsistingoftheleadingandtrailingedgesofthe
inboardandoutboardwingsectionsandtheirextensionstothepointof -
intersection,is1.517sqwrefeet.

Thecansrdofbothmodelsisofthedeltatypeandhasa 60°leading-
edgesweepbacksingle;detailsaregiveninfigure3. Theratioofexposed
canardareatowingreferenceareais0.02Uand0.0458formodelsA andB,
respective*.Consider@thepartofthebodyinterceptedbythecansrd
leadingandtrailingedgesasincludedinthetotalcanardarea,theratio.
ofthetotalcanardareatothewingreferenceareais0.0533and0.0817
formodelsA andB,respectively.

.
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Inasmuchastheusualvane-typeangle-of-attackindicatoravailable
waslargerelativetothesizeofthecanardsemployedandthereforevery
likelywouldundulyinfluencetheflowfieldaboutthemodel,theangle
ofattackwasobtainedbymeasuringthepressuredifferencesbetweenthe
upperandlowersurfacesofa cone.Thenoseofthemodel,nearitstip,
wasaccordinglymadea ~“ cone.

Weightandpitchmmnentofinertiawere73.9poundsand
8.32slug-feet2formodelA and66.9poundsaud8.05slug-feet2for
IIIOdelB.

INSTKWENUWION

Bothmodelscontdneda four-channelNACAtelemeteringsystemcap-
ableofcontinuouslytransmittingnormalandlongitudinalacceleration,
nose-conedifferentialpressure,andnacelleannularbasepressure;the
latterwasobtainedasamanifoldpressureatthebaseofoneofthe
nacelles.

Groundequipmentcomplementarytotheflightinstrumentationincluded
a CWIhpplerradarunitanda radartrackingunitfordeterminationof
modelspeedandtrajectory.A radiosondewaausedtoobtainatmospheric
data.

APPARATUSANDTECHNIQUE
.

ThemodelswereboostedtotheirpeakflightMachnmibersbya
single-stageboosterconsistingoftwosolid-fuelrockets,eachcapable
ofdeliveringanaveragethrustofabout6,0~poundsfor3.oseconds.
Therewasnorocketmotorcontainedinthemodels.A photographof
modelB andtheboosterinthelaunchingpositionispresentedasfigure4.

Duringtheboostphaseoftheflight,thecanard,whichwasspring
loaded,washeldintheunreflectedpositionbya pin-lockingmechanism,
thepinbeingtiedtothemodeladapterbymeansofa wire.Asthe
boosterseparatedfrm themodel,itpulledonthelockingpinandthen
brokethewireconnectionbetweenmodelandbmster.Releaseofthe
lockingmechanism.illowedthecamardtoflipuptoa predetermineddeflec-
tion;thedeflectionwas4.92°formodelA and6.06°formodelB. The
springheldthecanardupagainsta fixedstopatthedesireddeflection
fortheremainderoftheflight.

Theimpulsegiventothecanardcausedthemodeltogothroughan
initialoscilJ_atoryphaseinpitchfollowedbyessentiallya trimmed-
outflightcondition.Datawereobtainedduringthecoastingportionof

—.
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themodelflight,withtheshortoscillato~phaseprovidingthedata
fromwhichthemodelstabilitycharacteristicswereobtained..

DATAREDUCTIONANDANALYSIS

Forpresentationinamoreinformativeandusableform,nacelle
internalandannularbasedragcoefficientsweresubtractedframthe
totaldragcoefficientobtainedforthemodelsastested.Nacelle
internalskin-frictioncoefficientbasedontheductwettedareawas
takentobeO.~17 (basedondataofref.6) fortheentireMachnumber
rangeofthetests.Thisgavea correspondinginternal-dragcoefficient
of0.0029basedonthewingreferenceareaofthisconfiguratim.

Noallowancecouldbemade.fortheeffectofthenacelleinternal
liftonthemodellift,angleofattack,andstabilitycharacteristics
inasmuchasthesecorrespondtogivenc-d deflectionsand=e con-
sequentlyinterdependent.Itmaybepointedout,however,thatthecon-
tributionoftheinternallifttothetotalliftissmall,being2 to
3 percentofthetotallift,andthatitactsclosetothemodelcenter
ofgravity.

Themodelangleofattackwasobtainedfromtheconedifferential
pressurebyusingtheM.I.T.conetables(refs.7 and8). Angle-of-
attackdatawereobtainableonlyintheessentiallytrbmnedoutportion
oftheflightfor,asexpected,intheinitialoscillatoryportionof
theflightthevolumeinthepressurellnesandcellcmibinedwiththe. highrate-of-pressurechangetogivesubstantialpressurelag.The
angleofattackcouldnotbedeterminedmuchbelowM = 1.X because
oftipplicabilityoftheconetablesinthatrange.

Accuracy

Onthebasisofstatisticaldatacoaqil.ledbytheIangleyInstrument
ResearchDivision,itisbelievedthatmodelinstrumentationisaccurate
towithin+iiLpercentofthefull-scalerangeforpressuremeasuring
instrumentsandfl~percentfortheaccelerometer-typeinstruments.The
MachnumberobtainedbyDopplerradarisbelAevedtobeaccurateto
ilpercent.

Basedontheseassumptions,thefollowingprobablequanti@errors
arelistedfora Machnumberof1.8;foraMachnmberof1.3theprob-
ableerrorwouldbetwicethatofthequantitieslisted:

.

.
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C%rim””’”””””””””””””” ““”” ”””* ”””” *0”007
q~, deg. . . . . . . . . . . . . . . . . . . . . . . . . . . *ocl

%“”’”””””””””””””””””””””” ““”” ””*0”01
C%im””””””””””””””””””” ““”” ”””” ””*0”004

RESUIUSANDDISCUSSION

VariationofReynoldsnmiber
nmiberformodelsA andB is

basedonwingrootchordwithflight
showninfigure5.

!I’rimIiLftCharacteristics

!l!rimliftcoefficientsforbothmodelsarepresentedinfigure6.
Duetolackofamgle-of-attackdatabelowallachn~erof1.3,thetrim
angleofattackwasassumedtobe 1.8°formodelB and0.8°formodelA.
Sincethesevaluesofangleofattackareti, itisfeltthatthe
databelowaMachnumberof1.3representessentiallythetrtilift
characteristicsoftheconfiguration.Thedifferenceinthe
ofthetwomodelsisattributablelargelytothe117percent
exposedcsmardareaofmodelB,sndsomewhattoa 23percent
csnarddeflectionangle.

Theeffectivenessofthetwocanardsintroducingmodel
indicatedinfigure7;theassumptionwasmadethat C%*

trimlift
greater
greater

liftis
atb=OO

wasnegklgiblefortheactualmodels.IYgure8 showsthatthetrimlift
producedbythecanardsisnearlydirectl..yproportionaltotheirexposed
areasinthesupersonicrangeofthetests.Useoftotal,insteadof
exposed,canardareaswouldbmeyieldedvalues

for ~~~)~~+)A greaterthanl.&2.I’tshouldbenoted

thattheratioofmodelB cansrdareatothatofmodelA is2.17for
exposedareaand1.53fortotalarea.

Trimangle-of-attackvariationwithllachnumberispresentedinfig-
ure9 onlyfortheflightlfachnumberrangefrom1.~ to1.80formodelA
andfrom1.W to1.85formodelB. Thereasonsfortherestrictedranges
wereindicatedunder“DataReductionsndAnalysis.”

Theappro-te tr3mlift-curveslopeofbothmodelsisshownin
figure10. Dataofreference4 indicatethattheliftproducedbythe
canardisa negligibleamountcomparedtothetotalMft oftheconfigura-
tion.Consideringtherelativelysmsllcanardsandangle-of-attackrange

.:.~
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a

usedinthepresenttestsC
lift-curveslope.

%r-%rti is
..

Drag

Nacelleannularbasemanifold-pressure
ure11inthefommofpressurecoefficient.

a goodapproximation

7

tothe

dataarepresentedinfig-
Thereislittledifference

betweenthepressurecoefficientsfor
expectedinviewofthefactthatthe
modelsandthatthecanards,theonly
arewellaheadofthenacelles.

thetwomodels,whichis
angleofattaciissmall
majordifferencebetween

tobe
forboth
themodels,

Measuredtrimdragcoefficientsminusnacelleinternslandnacelle
basedragcoefficientsformodelsA andB arepresentedinfigureE.
TheportionsofthecurvesbelowM = 1.30 areshowndottedbecauseof
thelackinthatregionofangle-of-attackdataneededfordetermini~
CDtrtifromthelongitudinal-andnormal-accelerometerreadings;the

angleofattackwastakenas0.8°formodel
M= 1.30.

Stability

A and1.8° formodelB below

Stabi31tycharacteristicsofthemodelsarepresentedinthefol-
lowingtable;themethodofcomputationisthatpresentedinreference9.
DataareavailableatonlyoneMachnumberforeachmodelbecauseof
flight-testing-techniquelimitation.

Model M P b %

A 1.85 0.165 2.82 -0.0286

B 2.02 .168 2.57 -.0232

CONCLUDINGREMARK

Resultsoftheflighttestoftwomodelshavinga canardwing-mounted
ram-jetmissileconfigurationanddifferingaulyinthesizeanddeflec-
tionofthecanardshowedthattheeffectivenessofthecanardsin
producingmodelliftinthesupersonicrangeofthetestsisnearly
directlyproportionaltotheirexposedareas.

lkngleyAeronautical_Laboratory,
NationalAdtisoryCmmitteeforAeronautics,

-ey~eld, Vs.,April15,1954.
~-~

--.— —.—.. -—- — —..———— -—— ——— - .—— —.-



8

—

NACARML54D28

1.Hamilton, ClydeV.,Driver,
Wind-Tunnel~vestigation

IUWERENCES

Cornelius,andSetierjJotiR.,Jr.:
ofa Rsm-JetMissileModelHavinga Wing

andCanardSurfaces-ofDsltaPlanFormWith70° sweptLeadingEdges.
ForceandManentCharacteristicsofVariousCcmibinationsofCompo-
nentsataMachNmberof1.6.NACARML53A14,1953.

2● spe~) M.Leroy:AerodynamicChsxacteristicsinPitchofa Series
ofCruciform-WingMissilesWithCanardControlsataMachNumber
of2.01.NACARML53114,1953.

3. spe~ , M. Leroyj andRobinson,RossB.: AerodynfkaicCharacteristics
ofa Cruciform-WingMissileWithCanardControlSurfacesandofSme
Very_ spanWing-BOdyMissilesata MachNumberof1.41.NACA
RML~Bll,1954.

4. Spearlmm,M. Leroy,andRobinson,ROSS B.: Wind-TunnelInvestigation
ofa Rsm-JetCauardMissileModelHavinga WingandCanardSurfaces
ofDeltaPlanFo?xnWith70°SweptLeadingEdges.Longitudinaland
IateralStability=d ControlCharacteristicsataMachNumber
of1.60.NACARML52E15,1952.

5.Nielsen,JackN.,Kaattari,GeorgeE.,andAnastasio,RobertF.: A
MethodforCalculatingtheLiftandCenterofPressureofWing-Body-
T&l CombinationsatSubsonic,Transonic,andsupersonicSpeeds.
NACARMA53G08,1953.

6.Judd,JosephH.: FlightlWestigationofEngineNacellesandWing
VerticalFOsitionontheDragofa Delta-WingAirplaneConfigura-
tionFromMachNuderof0.8to2.0.NACARML53121,1954.

7. StaffoftheComputingSection,Centerof
ofZdenw~Kopal):TablesofEhipersonic
Rep.No.1,M.I.T.,1947.

8.StaffoftheComputingSection,Centerof
ofZde&kKopal): TablesofSupersonic
Tech.Rep.No.3,M.I.T.,1947.

Analysis(balerDirection
FlowAroundCones.Tech.

-is (UnderDirection
FlowAroundYawingCones.

9. Niewald,RoyJ., andMoti, Martin T.: m Iongitu- Stability,
ControlEffectiveness,andControlHinge-MomentCharacteristics
Obtainedl?roma FMghtInvestigationofa CanardMissileConfigura-
tionat!l!ransonicandSupersonicSpeeds.NACARML50127,1950.



,

7—---.-—,5-L=l_J55&
Figure l.- Top and side views of

axe
fi:cl-fjg.uation. (Ml Mrensiow

.



P
o

L-78907.1

F@ure 2.- TOP and side views ofmiLelB.
L-78908.1



- .—

.

IWXRML54D28

NdelB canard

.2ilo

u

—

.159

Figure3.- Canarddets$ls.(AU dimensionsareintithes.)

11

—

— .—— — ..——- .— .__. . —.— -—-———— -——— -—-— --. —.— ..-. —.. ___ .—— —.



32
—.

\

t

r,

,>

\

T

.- —-

~ - -

I ._.-

,

. .“\-,
A

, -.. . . ..- —— < —--- . .- :- . —. ._. —
..- —-. — — —.— ~“ ‘-

L-79722~06ition”

--



I

R

x 106 b

/

/

/’
///

Model A / r

/’
/

/
/

/
/ /

/

//
/

/ /
/, ‘///,

/
/ .-/
//

///

.6 .$ 1.0 1.2 1.4 1.6 1.8 2.0 2.2

Figure5.-Reynolds nmiber variation
based OIL wi~

M

with Mach number. (Reynolds number
root chord.)



14 NACARML5hD28

*

.32

.28

.a

.20

c~ti .16

.12

.08

.Q4

o

\
\ .—. ___=-- -- ___ ModelA

.6 .8 1.0 1.2 ld 1.6 1.8 2.0 2.2

M

Figure6.- Trim-Uft-coefficientvariationwtthlhchnuniber.

—



.05

I

.04

I

.6 .8 1.0 L2 u 1.6 1.8 2.0 2.2

M

Figure 7.-Canardeffectiveness in prcilucingtiel lift.

.03

‘L
__&&

.02

●O1

o

i

II

G



1.8

1.6

14

1.2

1.0

.$

/

\

.6 .8 1.0 1.2 Id 1.6 1.8 2.0

Fig-we 8.- Trim Ilft characteristics of
prcduclng nmdel

M

cemxdsof mdels Amd Bi,n
lift.



I
1

I

‘J-Mm

3.0

2.0
-

Modol B

1.0
-—. ___ ---- .—

Model A

o
1.0 1.2 1.4 1.6 1.8 2.0

M

Figure 9.-Trimangb-of-at’tack variation with Mach number.

‘5



P
03

.08

.06

c.

.02

0
1.0 1.2 1.4 1.6 1.8 2,0

M

FiP 10.-Vmiation of appro-te trim Ilft-curve slope with Mach nuuiber.



NACARML54D28 19

-J@

-.?2

-.U

-0.40

-.?2

-*24

-.16

Figure11.- Variationofnacelleannularbasepressurecoefficientwith
Machnumber.

.. .-. ..- —-—..———— —-.— .



.07

J%

.W

‘Wrim .q

.03

.02

.01

/’ ~,
I

I
\

\
I fly \

I <
;; \\

I
\

-.
Ii \

/’; \ Mockl B

I ‘
\

/ / MO&31A‘ \
\

/ I

/’
,
)
/

/
/

.6 .8 1.0 1.2 L.% 1.6 1.8 2.0 2.2

M
—-

F@ure lS!.- Variation with Mach nuuiberof measured trfm drag coefficient
ndnus nacelle internal ,- bme drag coefficients.

m
o


